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W’c report on the  first planar two-diode subharmonic
mixer oprrating at 600 GIlz.  ‘lhc mcasard mixer noise
tmnpcratarc  of 4200 K 1)S11 is only  a Factor of 2 worse
tlmu  the best  sil~gle diode  (wl~iskcr-col~tactc[l  o r  p l a -
n a r )  fandanmllal mixers  and a factor 1.5 worsr than
(kc best ever single diode  (w,hiskcr-contaciccl)  harmonic
mixer  at similar frequencies. The  two-diode sulJ~ar-
monic  mixer  offers the advantage of using a local oscil-
lator at half the signal  frcqawcy am] has  a rdatiwly
wide achievable 1 P bandwidth. ‘1’hc measured comwr-
sioll  loss is =12  dll and a noise temperature bctwccn
4200 -S300 K can bc mainfaincd  with a fix tuncc] circuit
owr a 1-18  GIIz 11~ bandwidth. TIIc mixer moaat con-
sis(s of  s tandard hcighl tvavcguidcs  with an mdcrnal
signal  frcd horn  and 1.0 c o u p l i n g  v i a  wavqwidc
through  a  s t a n d a r d  microstrip proldfiltcr. A singl~
quarl~ Slll)st rate contains the  140 and 11~’ til-
tcrs/couplillg l ines  as w e l l  a s  the  antipara]lcl-pair
,Schottky  diodes. ‘J’JIc diodes  arc inlcgratd into  the
quartz. sabstratcs using a  now]  fabricat ion process
which  removes all of the unwanted GaAs  from the rc-
gims containing  the  microstrip lines. ‘1’hc aaorJcs arc
made  via a trilayer direct c-beam write process that
results in cxtrcmdy low parasitic clcviccs  with high cut-
oft’ frequcmcics.  ‘J’hc mixers arc being dcvclopcd  for usc
on ILarth obscrviag Systcm  Microwave I ,imk Sounder,
an ozone  c h e m i s t r y  e x p e r i m e n t  which  is part of
NASA’s hlission to ]’lanct  ltarth.

l’lanal Schottky dc.vices have bcc.a under dcvclopmca(  fm
a number of ycm sow, with the hope that they will rcplacc
the whisk-coat ackxi honcymmb ciio(ics cun cnl]y being
uscxi for mosl high frcquc.ncy space-tm oc applications.
Rcccnl rcsLIlts  have.  ia(iicatcci tilat ti]c appropiatc  plaaar
S(I LKIUIC can pCrfOI-IU  as well as whiskm’  coatackcl diodes
at least up to 350 G117, [ i -4]. Ia(c.gralcd circLtil technology
il:lS lliS() Lmablc{i lhC SUCCCSSfLl] illllllclllclltatioll o f  mixers
and mul(ipiicrs  that rccluirc more than onc diode.

Since al] dcviccs  arc made at the same time and in close
proximity, the risk of iargc variations from junclion to
juadioa is grca[ly  rcciLIccci,  (lmcn(ly,  wc arc io tile proecss
01 cicvclopiag flip,ht-cioaiificd  240  G}]?, and 640  G}lx sUb-
hattmmic m i x e r s  I)asc(i m ti~c aa(i-pal ailc.1-pair d i o d e
cmlligul atioa 15] for u s c  ia tlIc lkulh [)bscrvillg  System
N4 im)wwvc 1 ,imb Sounder instrLlmca(, ao omac  chca Iistty
cx}]cuimcot  which is iEII ( of NASA’s h4ission  (o l’latmt
I kr(l)

la this papcu, wc rciml m the first subharmonic mixer
workio~  at 600” G} 17, which u(iiims two plaoar diodes  in aa
al~ti-]l;ilailcl-l~air  col~fig,ll[a[ioll.” ‘J’hc maia advantages of
(his i~arlicu}ar lnixcr configuration for lkir(h remote sensing
api~licatioos,  lic ia the simple iocai oscillator diplcxin:  (the
1,() is em-half of lIIC sigoal  frcqucacy  ad can bc il~icctc(i
cflicicolly thlmugh wavcgaidc without nawow band fillers
10 suppress 1.0 noise it~ tiIc signal iMI\d), and lhc Immi
achievable 1 i i bandwidth, which allows several spcdd
lillcs 10 hc mcasurc(i  with a sior,lc  fixcci-fIcqLIcIwy  1 .(3 (the
11: ou(put  impcdaocc  is bclwccn S() an(i I 00 olIms aiakiag
i~ossiblc tmmibami matchiog 10 the IIi amplif ier) .
Moreover, this par[icLllar mixer configuration has a n~cas-
LII cd 1,0 n o i s e  supprcssioa of hctlcr than 30 dll ciLIc  to lhc.

aoti-paralic]-i) air configura(ioa 13]. A t  200  Gllz, usiag a
scaled vcrsioa  of the wavcguidc  moun( wc rcporl upoa
IICIC.,  wc have mcasorcci ao ambicni  iopat noise tcmpcra-
lurc I 4] which is ahoLlt 30 i>ctccnl lower (baa that of the
bcs( wl)iskcr-col)t:lctc(i- (iio(lc” s u b h a r m o n i c  m i x e r s  [  5]  ami
ot~ly a factor 01::1.5 w(mc than the. best ever fuo[iamcn(al
mixer al this frcq Llcocy [6]. At 614 [;IIL  corIcJIl]y,  wc arc
tt~c:muriop a noise icmpcraturc of 4200  K with a c.onvcr-
sioa loss of about 12. d]]. ‘1’his is only a fac{or of’ 2 worse
(ima the  bcs( rcporlc(i  sioglc. (iimic (wiliskcl-coll(:lclc(i m
I)laaar)  fLmdaIncIItal mixers [7,8,9] aa(i a faclm 1.5 worse
thao (k hcsl e v e r  sing]c (iio[ic (W’lliskor-cc)lltaclc{l)  llar-

mmic m i x e r  \ 1 O ]  a t  s imi l a r  frcqLlcmcics. Scclim  Ii dc-
scrihcs the dc.vice lcchnoloxy lhai has hccn (icvc]opcd  for
lllis applicalioo  aod Section 1 1 1  discLlsscs ti]c mcasLlrcd
mixer rc.suils in IIIOIC (iclail.
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Wc bavc. dc.vclopc.d two major modifications to current
subn~icron  dcvicc fabrication tccbaolugy tbal cmblcd us 10
ploducc v e r y  bigb f r e q u e n c y  J>lal~ar-Scl~(~ tlky-(Ii(J(lc
w’avc.gui(lc  mixers. I ‘irsl, wc have. monoli(llicall y ma[cd Ihc
GaAs diodes wi(b (hc lower-( liclcc[ric-co)~s! al]t lower-loss
qualt~-basd  llJiclow:lvc/lllillit llctcr-wave circuitry USC(1  to
coLkplc power in ad oul of tbc mixer block. ‘1’bis has bcca
XIWIllp!lShC(l  USil)~ a PIOCCSS W C  lCfCI’ to aS (2~]11) (<) LIW(?,

Up-side-dowa Inkgratcd  I)cvicc.) [4]. In [his process, k
complclc]y  inlcglalcd G a A s  clcvicc and surmundiag
circuilry  a r c  moun(cd upsidcdowa  m a quarly carrict-
witb the bclp of a thermally cutccl epoxy. ‘1’bc GaAs
Substl”alc is tbcl) Completely ctcbcd away Cvcl’ywbcl”c
cxccpl  for a small region arouad  (bc ac(ivc dcviccs. A
final baclcsidc dry nwsa CM) CllSU1’CS  lbat all o f  lbc
unacccssaty GaAs is c(cbcd a w a y  (l?i.gs. 1,2). Af(cr  tbc
backside process, individLnl  circuils alc diced and glued
in[o IIlcir sLlpplicd microslrip h o u s i n g  ia tbc wavcgLlidc
block (I;ig. 3). ‘1’wo wire binds (0 lbc circuit mc(allinlion
pr(widc a 1)(: rclurn  on onc side of tbc diodes and an II;
OUIpLII line to a standard K-cmncctor  bead on tbc other.
‘1’bc 600” G1 IY circui(s arc fabrica(cd on 2cm diamc(c.r, 50
micmn thick crystal qual-(y,  and after dicing, c.ach circuit is
about N) microns wide by 250[) microns lm~g.

‘J’lm sc.cond modification wc bavc introduced (0 (bc tradi-
tional lll:lll;lr-Scll(lttky  -Clioclc fabrica(ioa  process  is  tbc
lccllniquc of using c-beam (cchnology (0 dilcctly wri(c Ihc
anode. and lbc conncxling  finger ia Ibc same slcp. A [li-
laycJ I’MM A pmccss was dcvclopcd  for this app]icat ion
wllicll has yiclcic.d  Scbol(ky dimks  with Iowcr-tll:ltl-average
parasitic capaci(ancc ad scric.s resistance [4], ‘1’his
tccbaology is similar 10 (I)c ‘1’-galc lcchno]ogy [hal h:is
been used for bigl~ frcclucncy  111 ~M”J’  skLlcturc.s. Aa S1 ih4
piclurc of a typical ‘1’-andc  dimlc, before. the addition of a
surlam  cbaaacl for :ll)()(lc-t()-cz]lll()(lc  isolation, is shown ia
1 ‘ip,ut’c  1. la addilion  10 tbc pmccss (bat has bcca dcvcl -
opcd ad alrcdy dcscribcd [4,1 1 ] for producing 200” G} 17,
dimks, for IIIC 600” (i] 17, ( ic .v ices  lbc horimn(al part of (IIC
“’1’” was raised all additional 1 ()()-150 nln ia order 10 fLlr-
tbcr dccrcasc (IK parasi(ic  cap:ici(aacc.

‘1’llc. 6 0 0 ”  G] 17, wavcguidc  mixc]  nwunt  u s e s  a  Iradilimml

crmscd-guide splil-block configuration with (bc local os-
cillator wavcg,uidc  pcrpcadiculal to tbc sigaal guide aml
clcc(rically  coupled via a sbicldcd qual (~. micrm(rip.  An
cxtcraal feed bora is used for signal coupling wbilc (IIC 10
cn(crs via wavcguidc. A  sing]c quarl~. subs(IaIc contaias
tllc 11) and IIi fil(crs and coupling lines as WCII as tbc allti-
pal-allcl-pair Schot(ky diodes. ll:tlllll]clllcil(l fil(cr  clcmcnts
ar(>.  used for lrcqucncy scpamtioa and ]natching. A mom
dclailc.d dcscl-ip(ioa of tbc block tlml was used al 215 ~~}lz
has bc’.cn I’C]X)J”IC(I  clscwhclc I 3] . ‘1’hc wavcguidc  block
used for the 600” Gl IY, work is a scaled version of tbc 2.15
G1l Y dcsi~n with some miaor modifications to the input

signal port aId 1,0 ad 11;  Illtcr s t ructures .  A  d e s c r i p t i v e
schematic of Ibc block is sbowm in liig~lw 3.

111. hlICASlJ1{11h41  tN’J’S AN]) l)lSCIJSSJON

‘I’l Ic first  balch of successful (icviccs had an anode area of
0.8pm2 (().4 X 2. OILm). ‘1’hc pmlicular diode pair Ibal. rc-
sullcxl in (bc mist tcmpcratulc rcpor(cd hc.rc bas a  s e r i e s

msistancc  of 5.6/5.8 ObnN, an idcalily factor  of 1 .26/1 .28
-14 -14

and a rcvcrsc salurat ion curl cat of  4 .8x1()  /5 .2x 1()
Amps pet anode rcspcdivcly.  ‘J ‘hc t o!al measured cal mi-
taacc of t b c  d i o d e s  (iacludiag tbc micrmlrip circLlil  OH tbc

quart? subs t ra te)  i s  about I 3 fl’. 1 ‘mm plcvious mcasurc.-
mc]l(s,  tbc mictostrip conttibulcs about 4 II: of capacit:incc
and the anode capaci(ancc  is c:ilc L[latcd 10 bc abOLIl I 10 ],5

n:. ‘J’his  leaves a Iolal parasitic capacitance of 6-7 Ill. Wc
bclicvc tha t  Ibis capac.itancc can bc furlbcr  rcdLlccd b y
small variations 10 lbc andc finger ovcdap and “1’- gate
S(IIIC(UI’C.

1 ‘i,qarc 4. shows tbc mcasulcd pc.rformancc  of the mixer
OVC1’ :11)  1 I; ft’C(lUCllCy  hand 01 1 to 18 (i} 17,, ‘1’hc tuacrs
vmc  opt imiz.cd and tlxcxl at 8 G117 I I‘. ‘1’IIc real part of tbc
II; outpul impcdancc,  as measured 011 an 85 I () nclwork
analyzcl,  is approximalc]y  90 ()})ms ovc.I the. wbdc  baml.
‘1’IIC bcs[ JX1’fOl  mancc w’:lS obtaiacd at all 1 I i of 3 G] 17, with
lbc mcasLIrcd  mixer  no ise  tc.mpcratut”c of 4180 K 1)S11  ad
a convcrsioa  ]oss of 11.9 d]]. ‘1’hc required 1 K) power for
this particular mcasurcmcnl  was cxccssivc]y  high (>5[)
mW), however wc bavc dclcrmind that mm( of tbc power
is being Ios( in a poorly macbincd 1 .() wavcguidc  which
caaaot bc cormctcd in Ibc CUIICIII m i x e r  b]ock. W c  bavc
mccatly (ia a ac.wly fabricated mixer block) been at)lc 10
IUII) 011 both dcviccs  with only 1 OInW  of power  al the
lnixcr inpLl[ 1 .() porl. Wc bavc also dcknnincd  lbat tbcrc
is additional 10 power 10ss ia (I1c microstrip  coupling cir-
cuit bc(wccn tllc wavcguidc  probe and Ibc diodes wbicb  wc
a(tribu(c  to the tbcrmal epoxy that binds the mc(allic  film
of lbc micros[[  ip liac 10 lbc quarl/, sub.slralc.  ‘J’his 10ss can
bc rcdmcd  by l-cducinx tbc tbickncss  of tbc glLIc layer
(currcatl  y >1 opm). Wc cxpcc.1 future dcvicc runs to bavc a
glue Iaycr which  is <211111  using a ncw curin~ tccbniquc  wc
bavc bcca cxl)ctimcatin.g with. I ’01 comparison pLII poses

“1’able 1 SI1OWS  prcvimsly  published rcsulls  with romn-
lcmpcral arc Scboltky-diode mixers amutKl  600” G} lz., ‘J’bc
ptcscnt pcllormancc is about a factm of two worse thau tbc
tcsul(s ohlainc(i  from single-diode Yi’tliskcr-colllactc.(1  or
l>l[il~;ll-Scl~ ottky-(iio(lc” mixers. Wc cxpcc( our noise
Dumbcrs  10 improve [Is boll] dcviccs aDd moul~t arc

optimixcd, ‘J’hc  bammnic single-diode mixer rcsulls rc-
porlcd in [ 1 ()] arc iadccd very impl”cssivc and arc about a
facto! of 1.5 better [ban tbc ICSLI1(S from our subharmonic
two-diode mixc.r. ~kmq>arcd  (0 single-diode hat monic
mixers, Ibc main advantage of lhc tvmdiodc  arrang,cmcn[
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is a significantly lower OLItpLIl impcdaacc and potcatially
wide.r 11; bandwidlh.  Moreover, it should bc notd  that the
harmoaic mixer uscs a whiskr  contadcd  didc w h i c h
~,c.ncrally has ]owcr parasilics.

[4

IV. CONCI.lJSION

Stale-of-the-ar( mixer performance has hccn mcasurc(i  with
an :lllti-l>:tt-:li icl-llair-cii C)(lc subhat-nmic  m i x e r  i n  a
wavcp,Llidc circuit at 600” G}lz. ‘1’hc mcasurc(i  noise km
pcralLIrc an(i convers ion 10ss  arc  on ly  a  hc(or of 2  w o r s e
than lim INN ever fLlndamcnlal mixers al similar frcqucn-
tics. ‘1’0 ti~c bcs( of our knowledge, [i]csc arc (I1c firsl  rc-
SLI1[S from a sLlbharnmlic mixer witil two ciidcs at 600
(;}17. Wc arc cLmcn[ly improving the qualily of the dc-
vic.cs ami reducing the 10SSCS ia the wavcgL)idc  moLIn( aad
i)clicvc lhal even helter rcsalts will bc forthcoming in tile
I)cal  fll(lllc.

‘1’llc  research dcsclihcd in this paper was carried out by lIIC

.tc(  l ’ repuls ion I ,aimralory, {~aiifornia lns(itu(c o f
‘1’cclInology, u n d e r  a  coatlact  w i t h  t h e  Nationai
Aeronautics ami Space A(tl~~iIlis(ta(iO1~.
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1 ?ig, 3. Schc.ma[ic 01640 G117 mixer blink ancl fil(ct circui[l  y
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1 ~ig. 4. Mcasurd pcrfomanm  of (1K subharmonic lni xcr at
614 G117 over 1-18 G}17.  II;. ‘1’hc :ivcragc IIi crutpul impcd-
aIKX is 90 Ohms. ‘1’hc.  l{l; tuning  was 0ptilili7,cd  ;it 8 G117  ll{.
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